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SAN FRANCISCO BAY - AN ESTUARY DOMINATED BY CHANGE
Zachary Hymanson, DWR

It has been said that change is the
only permanent thing in this
world. This seems particularly
true for San Francisco Bay. Man-
made and natUr31'· chaD.ges have
impacted virtually every aspect of
this estuary at one time or another.
The more obvious changes such as
urban development, "reclamation-
of marshlands, and diversion of
fresh water have all been well
documented. But other, less obvi-
ous, changes that also have sub-
stantial impacts continue to occur.

The introduction of exotic organ-
isms, which has occurred numer-
ous times, is one such less obvious
change. In fact, exotic organisms
have become established in this
estuary with such frequency that it
is safe to say San Francisco Bay is
now among the most cosmopolitan
estuaries in the United States, as
well as among the most modified.
Documented introductions to this
estuary began soon after estab-
lishment of E'll'opeans and, as
shown in the table on page 3, con-
tinue to occur unchecked. Several
of these organisms (particularly
fish and oysters) were introduced

intentionally to provide new and
desirable food sources in the estu-
ary. The early succeSs of these spe-
cies was quickly accommodated
with establishment of new com~
mercial and sport fisheries in the
case of fish and aquaculture enter-
prises in the'case of oysters. Most
of the introductions were not desir-
able, however, and many have had
substantial economic or ecologic
impact.
Benthic organisms in general, and
mollusks in particular, have en-
tered the Golden Gate with almost
regular frequency (see figure at
right). Only introductions we know
about are listed, of course, and it is
quite likely that many others have
either gone undiscovered or the or-
ganisms were unable to become es-
tablished.
Whether intentional or accidental,
introduction of exotic organisms
constitutes biological pollution,
with many of the same effects as
other, more familiar forms ofpollu-
tion. The most recent example of
such impacts is the introduction
and establishment of the Asian

clam, Potamocorbitla amurensis
(Nichols 1990). In little more than
4 years after it was first detected,
this clam has beco~e the most
abundant benthic organism in sev-
eral regions of the upper estuary
and is among the most widely dis-
tributed. This clam has altered tro-
phic dynamics by adding a new,
abundant food source for bottom-
feeding organisms and by compet-
ing with other benthic organisms
for space and food and with other
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pelagic organisms for food. Addi-
tionally, this clam can bioaccumu-
late high concentrations of
selenium, which could result in
higher tissue concentrations in

organisms that feed on this clam
(Urquhart et al1991).

As we deal with the problems in
this estuary it is hard not to be-
come overwhelmed by the number
and complexity of issues. Change

is a common feature to all these
problems, and there is no doubt
introduced organisms have con-
tributed to numerous changes in
San Francisco Bay.
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During mid-March, biologists and
acoustic technicians tested the use
of sound waves to repel (or attract)
several species of fish. The study,
conducted in DWR's Clifton Court
Forebay, was jointly funded by
USACE offices in Portland, Ore-
gon, and the Vicksburg, Missis"
sippi, Waterways Experiment

.Station. The USBR Denver and
Sacramento offices, DFG, and
DWR provided staff support. Many
of the local arrangements were
handled by Scott Barrow, DFG,
and Lloyd Hess, USBR
Paul Loeffelman ofAmerican Elec-
tric Power was on site to test a
system he had invented in which
sounds are tailor-made for species
and life stages of concern. At a
March 17 workshop he described
how the system worked well for
adult salmonids on the St. Joseph
River in Michigan. Laboratory
tests also showed that 80 to 90 per-

cent of steelhead and Chinook
salmon juveniles could potentially
be diverted by such a system.

The researchers used the relatively
quiet water of the Italian Slough
area of the forebay for the tests.
Loeffelman and his crew tested the
juveniles of several fish species,
including coho salmon, Chinook
salmon, squawfish, catfish, and
steelhead. In the first part of the
test Loeffelman used a hydrophone
to record sounds produced by each
species. Next the technicians de-
veloped acoustic signals consid-
ered likely to move each species.

The test itself consisted of observ-
ing the response to the sound
waves by each species. High- tech
underwater speakers produced the
low frequency sounds directed
toward fish held in submerged
cages. Operators in boats observed
fish response by use of portable

hydroacoustic equipment that uses
sonar-like technology to detect and
record underwater targets.
Although analysis is far from com-
plete, test results were somewhat
mixed. Several species apparently
responded to the signal, but it was
not always a clear directional re-
sponse; ie, they didn't move toward
or away from the signal source.
Juvenile steelhead exhibited the
strongest response and white cat-
fish the weakest. Although show-
ing promise, much additional site-
and species-specific testing in
California is needed before such an
acoustic process is accepted tech-
nology for preventing fish losses to
diversions.
USACE will write the final report
on this experiment and will dis-
tribute copies to those interested.
When available, the report will be
announced in the Newsletter.



GENERAL CHARACTERISTICS OF INTRODUCED ORGANISMS IN SAN FRANCISCO BAY
(Adapted from information compiled by F. Nichols and J. Thompson, U.S. Geological Survey)

Common Name Dale of
(Scientific Name) Descriptor Introduction Origin Mode of Introduction EconomiclEooIogic Impact

Isopod Pillbug 1850-90 Australasia Shipping Bores and weakens cikes and banks
(Sphaeroma quoyanum)

Eastern Oyster Oyster 1869 Atlantic IntentionallRailroad . Commercial aquaculture
(Crassostrea virginica)

American Shad FISh 1871 Eastem IntentionallRailroad CommerciaJI sport fishery
(AJosa spadssima) NO.America

Gobbles Pillbug 1873 Unknown Shipping Destruction of wood slructures
(Umnoria spp.)

Soft ShaN Clam Clam 1874 Atlantic Accidental with oysters Sport fishery
(Mya arenaria)

Striped Bass FISh 1879 Eastem· fntentionallRailroad Commercial/sport fishery
(Marone saxatiUis) NO.America

Shipworm Boring Clam 1913 Atlantic Shipping Destruction of wood structures
(Teredo navalis)

Japanese Oyster Oyster 1930 Japan IntentionallShipping Commercial aquaculture
(Crassostrea gigas)

Japanese Uttleneck Clam 1946 Japan Accidental wilh oysters Sport fishery
(Tapes japonica)

Asian Clam Clam 1946 SE Asia Ballast water or Intentional Commercial fishery; Fouls freshwater canals
(Corbicula ffuminea)

Yel10wfin Goby Fish 1963 Japan Ballast water Competes with native fish for food
(Acanlhogobius ffavimanus)

Copepod Zooplankton 1966 Japan Ballast water Unknown
(Oilhona davisae)

Snail Snail 1968 Atlantic On algae used to Unknown
(Uttorina /ittDrea) pack eastern lobster

Copepod Zooplankton 1978 China Ballast water May compete with or prey upon other zooplankton
(Sinoca/anus doe"ii)

Copepod Zooplankton 1979 China Ballast water Unknown
(Umrioilhona sinensis)

Clam Clam 1982 Japan Ballast water Unknown
(Theora tragi/is)

Amphipod Amphipod 1983 Eastem Unknown Consumed by striped bass
(Gammarus daiberi) No.America

Asian Clam Clam 1986 Asia Ballast water Alters food chain
(Potomocorbula amurBflsis)

Crustacean Crustacean 1986 Japan Ballast water Unknown
(Hemileucon hinumBflSis)

Copepod Zooplankton 1986 Japan Ballast water Additional food source for fish
(PSliUdociapbmus m8llinus)

Copepod Zooplankton 1987 Asia BaJIastwatar Additional tood source for fish
(PSliUdociapbmus fotbesi)

Snail SnaR 1988 Unknown- Unknown Unknown
(Ma1atJoiclN tub«r:ulata)

Polychaete Worm 1989 Unknown-- Unknown Unknown
(Potamilla sp.)

European Green Crab Crab 1991 Atlantic Unknown Voracious predalor of mollusks
(cart::itu maenas)

Polychaete Worm 1991 Unknown Unknown Unknown
(Spionid sp.)

"Reported10havea IlIaIIy worIdwidIdistribution.
""May blnew to science.



Precipitation during February and
March has dramatically improved
Delta outflow (measured inflow
and calcul~ted outflow; see figure
at right). This is one of the largest
outilow pulses since the February
1986 flood. It appears both Febru-
ary events were tied to effects ofEI
Nino in the Pacific Ocean. In 1992
Southern California received the
brunt of the storms.

On March 23, Maury Roos of
DWR's Flood Management Office
indica ted that, even with the
FebruarylMarch precipitation, the
1991-92 water year will be criti-
cally dry and Sacramento River
runoff is projected to be about 55
percent of nornial.

Under the direction of Jim Cloern,
the USGS took advantage of the
first outflow peak by making an
intensive sampling run on San
Francisco Bay.
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Don Stevens Receives
DFGAward

Don Stevens, a Fisheries Manage-
ment Supervisor with DFG-Stock-
ton, recently received a Director's
Achievement Award from DFG
Director Boyd Gibbons. Don was
recognized for his work on develop-
ing a fishery model that describes
causes for the decline in striped
bass abundance. In a letter that
accompanied the award, Director
Gibbons noted:

"This scientific accomplishment has
significant political and manage-
ment implications for waterprojects
in California, and it demonstrates
your superior analytical skills
and your understanding of fishery
biology.-

Don has worked on striped bass
issues for 29 years and certainly
deserves this award. Congratula-
tions, Don.



During much of 1991, USBR and
DWR were in fonnal Section 7 con-
sultation regarding the impact of
water project operation on winter
run Chinook salmon. With only an
estimated 190 adults returning in
1991, protection of this listed fish
(endangered, state; threatened,
federal) at this time is particularly
important.

On February, 14 the National Ma-
rine Fishery Service released its
Biological Opinion resulting from
these consultations. The opinion
concluded that CVP and SWP op-
eration jeopardized the continued
existence of the winter run but that
reasonable and prudent alterna-
tives would minimize any take.
These measures include:

• Water temperature control at the
spawning grounds to maximize
survival of eggs and fry.

• Minimum flow standards in the
upper Sacramento River.

• Closure of the Delta Cross Chan-
nel gates from February 2
through April 30.

• Closure of the Montezuma Slough
Salinity Control Structure from
March 1 through April 15. An al-
ternative would be'to have an en-
forceable agreement with Suisun
Marsh diverters not to take water
from unscreened diversions dur-
ing this period. DFG developed a
program tc;>ensure compliance
with this alternative, and the
gates went back in operation- on
March 26.

• Institute such measures at the
Delta fish protective facilities as
predator removal and increased
hauling to minimize take.

• Fund a study to determine when
juvenile winter run salmon enter
the Delta. A meeting is scheduled
for early April to coordinate de-
velopment and implementation of
this program with DFG, NMFS,
and USFWS. The USFWS Stock-
ton officewill take the lead in the
study.

DWR and USBR have imple-
mented all but the last of these
measures.
The Biological Opinion covered
only this year's operations. Con-
sultation leading to long-tenn rea-
sonable and prudent alternatives
will begin in April.



Unit of the Month
USFWS Estuarine Salmon Study

The purpose of the Estuarine Salmon Study is to
describe the life history of and evaluate factors influ-
encing anadromous salmonid populations using the
Bay/Delta. Resulting information is used to recom-
mend management alternatives to improve salmonid
protection through the BaylDelta proceedings, En-
dangered Species Consultations, EIRIEIS process,
and other regulatory activities.

The study was initiated in 1978 under leadership of
the USFWS, with additional vessel operation and
seasonal support by DFG employees. Technical coor-
dination is provided by the FisherylWater Quality
Committee. Support for the work is provided by
USBR, DWR, DFG, and USFWS.
The study is composed of two major components: (1)-
abundance and distribution monitoring, and (2) as-
sessment of Chinook salmon fry and smolt survival
under varied environmental and operational condi-
tions, rearing habitats, and migration routes.
Fry monitoring during winter and spring uses 50-foot
beach seine hauls in the lower Sacramento River and
in the northern, central, and southern Delta as well
as fyke traps in the Sacramento River at Sacramento.
Smolt and yearling monitoring is accomplished by
midwater trawling at Sacramento and Chipps Island
from April to June and at Sacramento during the
winter. Trawling is done using the USFWS' 43-foot
vessel, RV Whitesel, and DFG's RV Alosa. This work
is supplemented by DFG-Region 4 Kodiak trawl sam-
pling at Mossdale on the San Joaquin River.

Yearly mark/recovery efforts since 1978 using coded
wire tagged fry and smolts at various release sites in
the BaylDelta have yielded useful data describing the
importance of diversions, flow, water temperature,
migration route, rearing location, and fish size on
survival of juvenile Chinook salmon. Tagged fish re-
coveries are made via midwater trawl sampling at
Chipps Island and in the ocean salmon fisheries.

Estuarine Salmon Study efforts will be expanded to
achieve fall through early summer monitoring by a
variety of techniques. Lower Sacramento River plus
Delta monitoring will be coordinated with monitoring
by other USFWS and DFG sampling in the upper
Sacramento. This more comprehensive program is
designed to further address the many critical man-
agement decisions facing fishery and developmental
agencies that deal with salmonids.

The IESP Estuarine Salmon Study is managed under
the USFWS SacramenWSan Joaquin Estuary Fish-
ery Resource Office in Stockton and is housed with the
DFG BaylDelta project.
Page 6



The World Wildlife Fund initiated
the Innovation Grants program
through a pilot program developed
under the leadership of former
Senior Associate Phyllis Myers.
The program is made possible
through the generous support of
S.C. Johnson & Son, Inc. and with
the assistance of the Sonoran Insti-
tute of Tucson, Arizona.

Enlarged and Expanded for
1992 ~

In 1992, WWF will again award
small grants to local, regional, and
statewide nonprofit organizations
to help communities implement
innovative strategies for the co~-
servation of nature.
This year, the program is expand-
ing substantially in size and scope.
Funding will increase threefold.
Grants will be awarded to support
projects in the followingcategories:

• Wetlands conservation and
restoration;

• Endangered species conserva-
tion;

• Neotropical migratory bird
conserva tion;

• Preservation of estuarine and
coastal resources from incom-
patible or unplanned growth and
development (including projects
along the Great Lakes);

• Establishment of conservation
and outdoor recreation areas
such as parks, wildlife refuges,
and greenways, and the protec-
tion of these areas from incom-
patible adjacent development.

Innovation Grants provide seed
money for efforts to reconcile pro-
tection of natural resources with
sustainable development that can
serve as models for other communi-
ties.

Innovation Grants further develop-
ment of new grassroots conserva-
tion organizations and strengthen
existing organizations working to
protect a community's natural
resources and quality of life.

Project Criteria

Innovation Grants will be awarded
on a competitive basis. Evaluation
criteria are: .

• Importance of the project to local,
regional, or state efforts to
conserve significant natural
resources.

• Extent to which the project inte-
grates conservation with efforts
to ensure growth is sustainable.

• Demonstrated community sup-
port for the project.

• Originality of the idea within the
community, region, or state.

• Potential to replicate the project
beyond the project site.

• Extent to which grant funds will
be leveraged, for example, with
matching funds or other support
from other private or public
sources.

• Capacity of the organization to
implement the project.

• Likelihood of tangible results.
Emphasis ofthe Innovation Grants
program is to spur new approaches
to conservation and sustainable
development. As such, criteria are
flexible. Creative proposals are
encouraged.

,Program ffighlights

Eligible Expenses - Adminis-
trative costs of undertaking the
project; planning. technical assis-
tance, legal. and other costs to
facilitate acquisition of cr!tical
lands; retaining consultants and
other experts; and preparing visual
presentations, brochures, or other
conservation publicity activities.

Examples of eligible projects are
assessing natural resources, build-
ing public support for conservation,
developing innovative regulatory
mechanisms and cooperative man-
agement strategies, and forging
partnerships to promote conserva-
tion and sustainable'development.

Grants may not be used for: gen-
eral institutional support; capital
costs of buying land, buildings,
or equipment; travel funds fOr
attending conferences; academic
research; or political activities.
Eligible Applicants - Grants
will be awarded only to private
local, regional, or statewide non-
profit organizations.
Awards .....;.The maximum grant
award is $10,000. Grants will aver-
age between $5,000 and $7,500.
Project Duration - Grants are
for one-year, as opposed to multi-
year, projects.
Deadlines - Applications must
be postmarked by July 1, 1992.
Announcement of awards will be
made in early October 1992.

Information

For application guidelines and an
application form, please contact:
Innovation Grants
The Sonoran Institute
6842 East Tanque Verde Road,

Suite D
Tucson, Arizona 85715
Prior to submitting an application,
prospective applicants may seek
preliminary advice about the eligi-
bility of a project by sending a brief
letter describing the project to
Luther Propst, Executive Director,
The Sonoran Institute; at the
address above or by calJjng him
at 6021290-0828.
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